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INFLAMMATORY BOWEL DISEASES (IBDs) are a group of chronic inflammatory disorders of the gastrointestinal tract resulting in abdominal pain, fever, diarrhea with blood and mucus, and increased risk of colon cancer. There are two primary types of IBD, Crohn's disease (CD) and ulcerative colitis (UC), with other less frequent and less understood secondary classifications. It is estimated that more than 1 million patients in the US alone suffer from IBD (31) , and the incidence rates among Hispanics and Asians have recently increased (25) . As such, there is a great need to better understand specific pathophysiological mechanisms of the disease.
Currently, infliximab and adalimumab (anti-TNF-␣) are the newest approved therapeutic agents for colitis; however, side effects such as serious infection and immune depression can often occur, as well as a loss of therapeutic benefit over time.
Other biological reagents that target inflammatory molecules have also been examined but were stopped at Phase II/III of investigation, such as IL-10, certolizumab pegol, and ISIS 2302 (5) , suggesting that targeting single molecules to treat this multifactorial disease may be insufficient and that targeting more than one molecule might be more beneficial. Thus a comprehensive knowledge base of genomewide changes in gene expression in experimental colitis and human IBD is necessary.
Animal models of colitis serve as useful tools to study possible pathophysiological mechanisms of IBD. Although several animal models have been established, no single model can emulate every aspect of IBD disease (43) . The dextran sodium sulfate (DSS) model is a well-established experimental colitis model that emulates numerous clinical and histopathological features of UC (48) . Moreover, the DSS colitis model is widely used because of its convenient induction of intestinal inflammation (DSS dissolved in drinking water), lower mortality rate, and high reproducibility. As a physical agent, it is believed that DSS disrupts the epithelial cell barrier to promote immune cell exposure to normal mucosal microflora (1) . However, we have previously reported that DSS-induced colitis is highly dependent on increased leukocyte recruitment responses as well as production of inflammatory mediators, which all contribute to tissue damage in DSS colitis (1, 10, 42) .
Previous studies of clinical specimens have identified distinct gene expression profiles associated with increased IBD activity (47) ; however, no reports exist regarding the temporal nature of colon tissue genome expression profiles during the development of DSS experimental colitis compared with human specimens. Here we examined colon tissue of DSS colitis mice at days 0, 2, 4, and 6, using Affymetrix genomewide profiling analysis and quantitative real-time PCR (qRT-PCR) techniques coupled with histopathological analysis of disease progression compared with human UC specimens. Interestingly, we found that numerous genes are significantly altered in a temporal manner during the progression of acute DSS colitis. To our knowledge, this is the first report of a comprehensive genomewide expression profile analysis of DSS-mediated colitis over time that is directly compared with human UC gene array expression data. Numerous differences were identified that involve increased inflammatory gene expression along with concomitant downregulation of genes involved in tissue homeostasis and immune regulation. Finally, we found a greater number of genes similarly expressed between the DSS colitis model and UC tissue specimens than previously reported with smaller, annotated arrays, suggesting that the combination of global expression profiling and refined network analysis reveals previously unknown target molecules of IBD.
MATERIALS AND METHODS
DSS-induced colitis mouse model. C57BL/6J mice aged 12-14 wk were used for these studies and were housed in specific pathogen-free conditions according to Institutional Animal Care and Use Committee (IACUC) regulations and the National Research Council's Guide for the Care and Use of Laboratory Animals. The Louisiana State University Health Sciences Center IACUC reviewed and approved all animal protocols. A 3% DSS solution was administered in the drinking water. Clinical signs of colitis were measured after mice drank DSS water at days 0, 2, 4, and 6. Water consumption was measured daily to ensure that equivalent amounts of DSS were consumed as we previously reported (1, 10) . A disease activity index (DAI) was calculated from measurements of weight loss, occult blood positivity, stool consistency, and rectal bleeding daily from all time cohorts as we have reported (1, 10) . Mice were killed and the colon tissue between cecum and anus was collected at respective time points. The tissue was longitudinally cut in half and rolled in a Swiss roll fashion with one half of each sample preserved in RNAlater reagent for RNA isolation and the other half used for histopathological analysis. Mice killed at day 0 (n ϭ 5) before administration of DSS were used as controls; six mice were killed at days 2, 4, and 6 for experimental analysis.
Histopathology assessment of DSS-induced colitis. Five-micrometer-thick sections were cut and stained with hematoxylin and eosin (H & E) and scored in a double-blind manner. Tissue sections were scored for the degree of inflammation, tissue injury, crypt damage, and percentage of tissue involvement, thus yielding a total histopathology score as we previously reported (11) . Severity of inflammation was scored 0 to 3 for none, slight, moderate, and severe. Depth of injury was scored 0 to 3 for none, mucosal, mucosal and submucosal, and transmural. Crypt damage was scored 0 to 4 for none, basal one-third damaged, basal two-thirds damaged, only surface epithelium intact, and entire crypt epithelium lost. Next, the score of each parameter was multiplied by the percentage of tissue involvement (X1 0 -25%, X2 25-50%, X3 50 -75%, and X4 75-100%). Summation of these values for each sample animal results in a composite histopathological score.
Expression analyses using oligonucleotide arrays. Total RNA was isolated from the entire colon with Qiagen RNeasy isolation kits. RNA integrity was assessed by electrophoresis on the Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). Double-stranded cDNA was synthesized from ϳ5 g of total RNA with a SuperScript cDNA Synthesis Kit (Invitrogen, Carlsbad, CA) in combination with a T7-(dT) 24 primer (Proligo, Boulder, CO). Biotinylated cRNA was transcribed in vitro with GeneChip Expression 3=-Amplification reagents (Affymetrix, Santa Clara, CA) and purified with the GeneChip Sample Cleanup Module (Affymetrix). Twenty micrograms of purified cRNA was fragmented by incubation in fragmentation buffer (in mM: 200 Tris-acetate, pH 8.1, 500 potassium acetate, 150 magnesium acetate) at 94°C for 35 min and chilled on ice. Ten micrograms of 
fragmented biotin-labeled cRNA was hybridized to the Mouse Genome 430 2.0 Array (Affymetrix), which provides the most comprehensive annotated coverage of the mouse genome, integrating over 39,000 transcripts and variants from over 34,000 well-characterized mouse genes. Arrays were incubated for 16 h at 45°C with constant rotation (60 rpm). The arrays were washed and then stained for 10 min at 25°C with 10 g/ml streptavidin-R phycoerythrin (Vector Laboratories, Burlingame, CA) followed by 3 g/ml biotinylated goat anti-streptavidin antibody (Vector Laboratories) for 10 min at 25°C. Arrays were then stained once again with streptavidin-R phycoerythrin for 10 min at 25°C. After washing and staining, the arrays were scanned with a GeneChip Scanner 3000. Four probe sets were used to verify hybridization quality control: AFFX-BIOB, AFFX-BIOC, AFFFX-BIOD, and AFFX-CRE. Pixel intensities were measured, expression signals were analyzed, and features were extracted with the commercial software package GeneChip Operating Software 1.4 (Affymetrix).
Microarray data normalization and analysis. Arrays were globally scaled to a target intensity value of 500 in order to compare individual animals. A single gene chip was used for each animal specimen for each time point, for a total of six individual specimens per time point. No specimens were pooled in any of these studies. The absolute call (present, marginal, absent) of each gene expression in each sample as well as the direction of change and fold change of gene expressions between samples were identified with GeneChip Operating Software 1.4 (Affymetrix). All microarray data conform to MIAME standards and were uploaded in the NCBI Gene Expression Omnibus (GEO) database (accession number GSE22307) for public access.
Resulting data were log transformed and uploaded into the Genesifter program (www.genesifter.com). Differences in gene expression were identified by using a minimal threshold value of a twofold change with no maximal threshold value. One-way ANOVA was performed against day 0 coupled with the Benjamini and Hochberg posttest to diminish false discovery rates. All expression data are reported as log change in gene expression. To visualize and explore the molecular interaction networks of the differentially expressed genes, the subsequent data were uploaded into Ingenuity software (www.ingenuity.com) to organize the differentially expressed genes into networks based on the Ingenuity Knowledge Database (IKB), an extensive, manually created database of functional direct and indirect interactions between genes from peer-reviewed publications (8, 10) .
Quantitative real-time PCR analysis of DSS-induced colitis. Realtime PCR validation was carried out by measuring 33 genes that were either progressively up-or downregulated. Reverse transcription was carried out by using 1 g of total RNA from each sample. Primers were designed with Beacon Designer software. The cDNA sequence of selected genes was downloaded from the NCBI Entrez database, after BLAST search for homology sequences in mouse and template structure search (folding temperature is 55.0°C) that avoid template secondary structure and avoid cross homology. Primers were 18 -24 bp long, with PCR product length 75-200 bp. Primers were synthesized by Integrated DNA Technologies, and primer sequences are reported in Table 1 . PCR products were verified by sequence analysis. A 40-fold dilution of the cDNA products was used as a template to perform qRT-PCR analysis with SYBR Green PCR master mix. After 10 min of denaturation of cDNA template at 95°C, the cycling condition of 40 cycles was denaturing at 95°C for 15 s, annealing at 55°C for 30 s, and elongation at 72°C for 30 s. All reactions were performed in triplicate. Dissociation curve analysis was done after each run to confirm the primer specificity. GAPDH was used as the internal control gene for all reactions. The threshold cycle (C t) formula was used to calculate changes in gene expression. Statistical analysis was performed by one-way ANOVA with day 0 as control. Bonferroni's posttest was used to determine which groups significantly differed from each other.
Comparison of mouse DSS and ulcerative colitis microarray data. UC gene expression data were obtained from Wu et al. (47), who used the Affymetrix human genome U133 Plus 2.0 array, to compare identified genes against our murine DSS gene array data. The Affymetrix human genome U133 Plus 2.0 array is annotated similarly to the Affymetrix mouse genome 430 2.0 array and includes over 38,500 unique transcripts. Human UC gene array data were downloaded at These experiments compared pooled RNA samples from UC patients (n ϭ 6) with normal healthy control subjects (n ϭ 5).
RESULTS

DSS increases colitis parameters progressively over time.
Previous studies from our group (1) and others (34, 36) indicate that DSS colitis pathology develops progressively over time. Therefore, in order to better understand temporal changes in genome expression profiles, 3% DSS-mediated tissue histopathology was evaluated and confirmed at days 0, 2, 4, and 6. Figure 1 shows representative photomicrographs of DSS-mediated colitis histopathology over time. Figure 1A illustrates normal colon histomorphology at day 0, whereas Fig. 1 , B-D, demonstrate DSS-mediated histological changes at days 2, 4, and 6, respectively. These findings are consistent with our and others' previous results regarding DSS-mediated tissue histopathology showing progressive increases in leukocyte infiltrates, focal crypt lesions, goblet cell losses, and tissue edema.
Additional disease parameters were also evaluated in a temporal manner during 3% DSS colitis. Figure 2A shows that DSS significantly increases the DAI, a combination of weight loss, stool consistency, occult blood positivity, and gross rectal bleeding, over time. Importantly, the earliest significant inflection of DAI was seen between days 2 and 4. Figure 2 , B-D, report the severity of inflammation, depth of injury, and crypt damage scores, respectively. Again, these various histopathological parameters progressively increase over time. From these data it is clear that inflammatory infiltrates occur early in this model (within 2 days) and precede tissue injury and crypt loss, which become more prominent starting at day 4. Figure  2E illustrates the aggregate cumulative histopathology score, which encompasses scores from Fig. 2 , B-D, and weights them according to the percentage of the colon cross-sectional area involved. These data clearly demonstrate that between days 2 and 4 colon histomorphological changes are most dramatic, suggesting that this time interval could delineate a breakpoint for rapid and severe progression of DSS colitis histopathology.
DSS colitis stimulates temporal changes in global gene expression. Individual colon total RNA specimens from respective time points were next hybridized to individual Mouse 430 2.0A Affymetrix gene chips to evaluate global changes in gene expression. This Affymetrix array was chosen for these studies as it contains one of the most highly annotated and complete probe sets representing the entire mouse genome. Figure 3A demonstrates that expression levels of 1,609 different genes represented by 1,873 probe sets were identified by Genesifter program analysis. From this heat map signature, it is quite clear that genes that are initially abundant are progressively downregulated and that genes that are initially less expressed become progressively upregulated. Principal component analysis (PCA) was next used to visualize the overall response of gene expression changes during the DSS colitis model (Fig. 3B) . Component 1 represents the actual change in gene expression profiles, while component 2 illustrates the trend of change in gene expression. PCA revealed that data from early time points (i.e., days 0 and 2) had a clear downward trend in gene expression; however, gene expression profiles at day 4 had a clear break in expression pattern that was significantly increased at day 6. Likewise, sample cluster analysis also showed that gene expression profiles at day 0 and day 2 were much alike, while day 4 and day 6 were classed into a similar cluster group. These results suggest that key changes in gene expression occur between days 2 and 4 during DSS colitis, corroborating the above described temporal histopathological characteristics of the model.
Distribution of gene expression profile changes during DSS colitis.
Having observed general trends in gene expression changes with heat map imaging and PCA, we wanted to more precisely identify expression profiles of individually identified genes to gain better understanding of how certain genes may be regulated. Therefore, according to gene expression patterns at the four time points, the 1,609 genes were evaluated and divided into eight separate classes of expression profiles. As shown in Fig. 4 , the majority of the genes (group A, 31%) were progressively upregulated over time. However, the next highest number of genes (group B) displayed a unique progressively downward expression profile to day 4 that then rebounded at day 6. Interestingly, genes that were progressively downregulated throughout the course of the model (group D) were the third most abundant (11%; tied with group C genes showing an initial decrease in expression followed by an increase). Together, gene expression classification of the first four groups (groups A-D) showed predominant up-or downregulation of gene expression with only one time point of expression fluctuation (groups B and C) during the progression of DSS- 
Quantitative real-time PCR validation of DSS microarray data.
We next sought to confirm our gene array data and observations by qRT-PCR analysis of several genes representing the various classifications of gene expression profiles we identified. We used the same samples and the same number of samples in each time point as were used for microarray analysis. Thirty-three genes associated with inflammation, cell adhesion, extracellular matrix, and angiogenesis were selected for real-time PCR analysis, with 759 (23 individual samples over time ϫ 33 genes per sample)
qRT-PCR reactions performed in triplicate from total RNA samples from each specimen at each time point. The changes in gene expression obtained from qRT-PCR analysis were uploaded to Genesifter to construct heat map plots. As shown in Fig. 5A , the qRT-PCR expression profiles are highly similar to microarray data. Importantly, Fig. 5B illustrates the correlation between qRT-PCR and microarray data, with a resulting correlation coefficient of R 2 ϭ 0.9259, P Ͻ 0.0001 at 95% confidence level. Table 2 reports the actual expression changes between qRT-PCR and microarray data. Importantly, Fig. 5 , C and D, illustrate that the array and qRT-PCR gene expression profiles of either TNF-␣ or CD40 were similarly upregulated over time. Likewise, Fig. 5 , E and F, show that the array and qRT-PCR gene expression profiles for either Inhibitor of DNA binding 1 (Id1) or Trpm6 were also similarly downregulated over time. Together, these data validate our microarray findings and verify a diverse array of gene expression changes during DSS colitis. Ingenuity network analysis. We next sought to determine which biological processes were associated with identified changes in gene expression during DSS colitis. Table 3 shows that 380 genes we identified were associated with 25 established Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. Not surprisingly, the cytokine-cytokine receptor interaction pathway, complement and coagulation cascades, and other inflammation-associated pathways were highly associated with DSS-mediated disease. However, KEGG analysis is limited in that it cannot identify interactions between or influence of the change in expression of one gene on other "off-target" or "out of pathway" molecules.
To obtain novel insight into interrelated biological processes and signaling networks involved in the DSS response, we performed network analysis using Ingenuity software. Ingenuity network analysis allowed us to identify the functional classification and physical, transcriptional, and enzymatic interactions between genes and their molecules, which are mined from peer-reviewed scientific publications. Network analysis performed on the 1,609 genes identified revealed 55 networks with at least 9 focus molecules and a score over 5, as shown in Supplemental Table S9 .
Ingenuity network analysis also revealed that inflammation-related genes changed greatly, such as IL-6, IFN-␥, chemokine (C-C motif) receptor 2, and matrix metalloproteinase 3 (Mmp3). IFN-␥, IL-6, and others were found to be located in the center of the network, demonstrating that they exert strong influence over other molecules. Figure 6 shows the first network identified, which had a score of 48 and contained all 35 focus molecules contained within that network [many of which have been implicated in colitis based on previous studies (e.g., IFN-␥, STX1, IRGM, CD163, LY6A, AIF1; Refs. 13, 18 -20, 30, 35)]. The top biological functions of network 1 are associated with antigen presentation, cell morphology, and cell-cell signaling and interaction. Figure 7 illustrates network 2, with top biological functions of genetic disorders, neurological disease, and amino acid metabolism, which also had a score of 48 with all 35 focus molecules involved. However, several novel genes are found within this network with no known or poorly understood roles in colitis such as the inflammationrelated gene HNF4A (23), the colon cancer-related gene Map7 (3), innate immune response-related SAMHD1 (40), mitochondrial ribosomal protein-related MRPL51 (21) , and antigen presentation-related ABCC6 (2) . Together, these data demonstrate that Ingenuity network analysis reveals previously unknown relationships among diverse genes identified in our global expression profile studies that would not have been identified with more traditional pathway analysis. Comparison of DSS colitis and UC patient microarray gene expression. While the DSS-induced colitis model is widely used, relatively little is known of the differences and similarities between the DSS model and UC. Previous articles have attempted to address this question with smaller, more focused arrays that were also less well annotated compared with currently available arrays (7, 41) . Recent refinements in annotation and array coverage make species comparison approaches much more informative than those of the past. Therefore, we next compared our identified genes in the DSS model to those of tissue specimens from UC patients in a study that used a similar highly annotated and comprehensive human Affymetrix array. Data from the Wu et al. study (47) reported that 876 genes were significantly increased in active UC patients and 267 genes were significantly decreased (for a combined total of 1,143 genes). These findings are comparable with our 1,609 genes identified from the DSS colitis model. Figure 8 shows Venn diagrams of gene expression similarity between the DSS model and UC patients. Interestingly, 152 genes were found to be upregulated in a similar fashion in either DSS colitis or UC patients (Fig. 8A) . Supplemental Table S10 lists all of the 152 similarly upregulated genes along with the fold change in gene expression. Conversely, only 22 genes were similarly downregulated in DSS colitis and UC patients (Fig.  8B) . Table 4 lists all of the 22 similarly downregulated genes along with the fold change in gene expression. These data reveal that the majority of differentially expressed genes during both DSS colitis and UC are upregulated, while a lesser number are downregulated. Interestingly, these data identify a greater number of similarly regulated genes than previously reported (41, 29) .
DISCUSSION
It is now well appreciated that IBD etiology involves several different pathological factors ranging from genetic susceptibility to microbial flora and inflammatory exacerbates. As such, it is becoming increasingly clear that future therapeutic interventions may benefit from targeting multiple mediators involved in disease pathogenesis. However, there is a paucity of information regarding genomewide changes in gene expression during either clinical IBD or experimental colitis over time. To better understand the nature of gene expression profile changes, we examined temporal changes in genomewide expression patterns in the DSS colitis model and compared these results with recent findings from whole genome array profiles of active disease in UC patients (9) . Importantly, all previous gene array studies of experimental colitis models were performed with arrays containing smaller and less well-annotated probe sets, performed with different experimental colitis models, or performed on specimens harvested at the end of the disease model (7, 41) . We found 1,609 genes that were significantly altered in a temporal manner by DSS treatment, and these genes could be grouped into 55 separate functional networks based on peerreviewed publications at the present time. Interestingly, these data showed that the gene expression changes are not linear; rather, they are multidimensional, involving diverse changes in gene expression groups over time. Finally, KEGG pathway analysis revealed that 25 classical pathways were differentially affected during the colitis induction, with 380 genes showing significant changes in expression. However, Ingenuity network analysis revealed a large number of novel functional networks that have not been previously considered during DSS disease pathogenesis.
Segregation of temporal gene expression changes revealed unique results demonstrating complex patterns of cytopathological changes during DSS colitis. Data from the expression class of genes that continually increase (group A) reveal that innate immune response mediators are quickly induced, with chemokines, chitinase, and epithelial growth regulatory molecules primarily affected at day 2. Inflammatory activation is increased further by day 4, with significant upregulation of C-type lectin, integrin, and immunoglobulin cell adhesion molecule expression, which critically regulate leukocyte recruitment and activation. In addition, changes in angiogenic gene expression become evident with increased expression of extracellular matrix proteins, matrix metalloproteinases, and endothelial cell signaling mediators [e.g., endothelial cellspecific chemotaxis regulator/endothelial cell-specific molecule 2 (Ecscr/ECSM2) and ephrin A2]. At day 6 multiple biological targets are now affected, with changes in gene expression modulating inflammation, coagulation, angiogenic, and tissue repair responses. Conversely, data from the expression class of genes that continually decrease (group D) show significant loss of genes responsible for controlling water and ion transport, intracellular signal transduction regulation, antioxidant defense, mitochondrial function, cell motility, and transcriptional activation. Together, these data strongly suggest that DSS proceeds through initial activation of innate inflammatory responses transitioning to changes in vascular architecture and function with a later repair response. These changes are likely affected by loss of gene expression involved in maintaining tissue homeostasis; however, additional studies will be necessary to determine how these responses influence one another.
Our laboratory has previously reported (11, 12) that increased angiogenic activity contributes to DSS and T-cellmediated experimental colitis that is highly linked with inflammatory activity. Moreover, work from our lab (10, 11, 22) and others (15) (16) (17) has demonstrated similar features in clinical IBD specimens. The mechanisms by which pathological angiogenesis contributes to colitis disease are complex and diverse depending on the model system studied (11) . Importantly, only a few known angiogenesis-associated genes have been previously identified (11) . Here we identified several novel genes that were differentially expressed and have been implicated in regulating angiogenic activity and vascular function, such as Ecscr/ECSM2, endothelin receptors A and B, ephrin A2, ephrin B1 and B2, EphA1, follistatin, lymphatic vessel endothelial hyaluronan receptor 1 (LYVE1), and quaking (6, 24, 26 -28 32, 37, 45, 46) . Moreover, we identified (11, 12) several inflammatory molecules that have been previously associated with angiogenesis during inflammatory disease states (e.g., P-selectin, ␤ 2 -integrin, VCAM-1, versican, and MMP2). However, to our knowledge, we are the first to report differential expression of Ecscr/ECSM2, Eph/Ephrins, follistatin, quaking, and LYVE-1 with experimental colitis, which provides important new insight into pathological angiogenesis during DSS colitis.
By comparing our gene array data with those from UC patients, we found that the RNA binding protein Quaking is similarly upregulated in both the DSS colitis model and UC patients. Quaking belongs to the evolutionarily conserved RNA protein binding family that contains a STAR domain along with P and Y motifs (9) . Quaking is expressed in multiple cell types but is best understood for its role in regulating axon myelination, and its defective function is associated with demyelinating neurological disorders (9) . Interestingly, genetic deletion of Quaking is embryonic lethal, which appears to be due to dysfunctional visceral endoderm function, which is required for normal vascular development (4, 37) . These findings suggest that quaking may play an important role in governing vascular function and remodeling during chronic inflammation observed during colitis. Moreover, recent studies have shown that Quaking is normally expressed in the colon epithelium while downregulated or absent in some colon cancers, suggesting that its expression may play a role in modulating colon cancer cell proliferation (49) . In the DSS model system, upregulation of Quaking expression likely leads to higher levels of Quaking protein that may simultaneously inhibit epithelial cell proliferation while driving angiogenesis and vascular remodeling. Further evaluation of Quaking protein expression by various cell types during the development of experimental colitis will be necessary to better understand the role of this molecule during colitis.
Experimental models of colitis have proven useful as tools to better understand pathological progression of disease (38, 39) . While no experimental colitis model fully replicates all pathological processes, the DSS colitis model has been widely used as a reproducible model of acute colitis with ulceration (12, 14, 44) . With the use of microarray technology, previous studies have been reported in various experimental colitis models documenting diverse changes in gene expression. Brudzewsky et al. (7) used the T-cell transfer SCID mouse colitis model and found that 152 genes were significantly changed. This is a relatively small number of changes compared with our results, which is likely influenced by the MOE 430A array used (only 22,626 probe sets) to test gene expression differences and only one time point studied (12 wk after transfer of activated T cells). In contrast, Rivera et al. (41) used a rat microarray containing even fewer genes (1,252 genes) with the 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis model. After 72 h of TNBS treatment, they found that 395 genes were differentially regulated between experimental and control groups (41) . Finally, Martinez-Augustin et al. (33) used the Affymetrix Rat Expression Array 230 2.0 system to test the TNBS-induced colitis model at 2, 5, 7 and 14 days after the TNBS induction and found that the expression of 5,752 genes were significantly modified. This last study is consistent with our findings and clearly highlights the impact of array composition, model studied, and time course of study. Nonetheless, comparison of array data from the SCID T-cell transfer study, TNBS study, our DSS study, and UC patients' microarray data revealed that S100A8 and S100A9 mRNA increased greatly, suggesting that these two molecules may be useful as biomarkers of colitis. Clearly, additional cross-comparison analysis of these studies is warranted and may reveal additional novel targets or markers for the development of colitis.
In summary, we found that temporal genomewide gene expression analysis of the DSS colitis model compared with similar array studies of human UC specimens identified numerous genes that are similarly up-and downregulated. We have also identified several novel genes and functional biological networks associated with experimental colitis that were previously unknown. Together, these data suggest that multiple changes in gene expression likely underlie the progression of colitis, which substantiates the notion that combination therapeutic approaches may be useful for clinical management while also identifying target candidate genes for intervention and biomarkers.
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